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® Human manganese superoxide dlsmutase DMA, Its expression, method of recovering human 



manganese superoxide dlsmutase, human manganese superoxide dlsmutase analogs or human 
manganese superoxide dlsmutase mutants, uses, compositions, and methods of treatment 



© A double-stranded cDNA molecule which includes DNA encoding human manganese superoxide dlsmutase 
has been created. The sequence of one strand of a double-stranded DNA molecule which encodes human 
manganese superoxide dlsmutase has been discovered. Such molecules may be introduced in prokaryotlc, e.g., 
bacterial, or eucaryotic, e.g., yeast or mammalian, cells and the resulting cells cultured or grown under suitable 
conditions so as to produce human manganese superoxide dismutase, human manganese superoxide dlsmutase 

3 analogs or human manganese superoxide dismutase mutants which may then be recovered. By this invention, 
human manganese superoxide dismutase gene fragments from various piasmids may be ligated to yield a 
^complete genomic human manganese superoxide dismutase gene fragment Human manganese superoxide 
q dismutase, analogs, or mutants may be used to catalyze the reduction of superoxide radicals, reduce reperfusion 
injury, prolong the survival time of isolated organs, or treat inflammations. 

SThe invention also concerns a method of producing enzymatically active human manganese superoxide 
dismutase compounds in a bacterial cell which contains and is capable of expressing a DNA sequence encoding 
Mthe superoxide dismutase compound by maintaining the bac terial cell under suitable conditions and in a suitable 
^production medium. The production medium is supplemented with an amount of Mn ++ so that the concentration 
of Mn in the medium is greater than about 2 ppm. Genomic manganese superoxide dismutase DNA should 
■■■also be capable of expression in eucaryotic cells under suitable conditions. 

This invention also concerns a method of recovering purified enzymatically active manganese superoxide 
dismutase, analogs or mutants from bacterial cells. It should also be possible to recover manganese SOD from 
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genomic manganese superoxide dismutase DNA expressed in eucaryotic ceils using similar methods. 

The invention further concerns uses of the human manganese superoxide dismutase, human manganese 
superoxide dismutase analogs or human manganese superoxide dismutase mutants, various new analogs, 
compositions of the compounds and methods of treating various disorders using these compositions. 
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HUMAN MANGANESE SUPEROXIDE DISMUTASE DNA; ITS EXPRESSION; METHOD OF RECOVERING 



HUMAN MANGANESE SUPEROXIDE DiSMUTASE, HUMAN MANGANESE SUPEROXIDE DISMUTASE AN- 



ALOGS OR HUMAN MANGANESE SUPEROXIDE DISMUTASE MUTANTS; USES; COMPOSITIONS; AND 



METHODS OF TREATMENT 



This application is a continuation-in-part of U.S. Serial No. 032,734, filed March 27, 1987. which is a 
continuation-in-part of U.S. Serial No. 907,051, filed September 12, 1988, which in turn is a continuation-in- 
part of U.S. Serial No. 801,090, filed November 22, 1985, the contents of which applications are hereby 
incorporated by reference into the subject application. 

5 

BACKGROUND OF THE INVENTION 

Throughout this application, various publications are referenced by arable numerals within parentheses. 

70 Full citations for these references may be found at the end of the specification immediately preceding the 
claims. The disclosures of these publications in their entireties are hereby incorporated by reference into 
this application in order to more fully describe the state of art as known to those skilled therein as of the 
date of the invention described and claimed herein. 

Superoxide dismutase (SOD) and the phenomenon of oxygen free radicals (02-) was discovered in 

is 1968 by McCord and Fridovich (1). Superoxide radicals and other highly reactive oxygen species are 
produced in every respiring cell as by-products of oxidative damage to a wide variety of macromolecules 
and cellular components (for review see 2,3). A group of metalloproteins known as superoxide dismutases 
catalyze the oxidation-reduction reaction 202- + 2H + — H,Oa + O a and thus provide a defense mechanism 
against oxygen toxicity. _ . 

20 There are several known forms of SOD containing different metals and different proteins. Metals present 
in SOD include iron, manganese, copper and zinc. All of the known forms of SOD catalyze the same 
reaction. These enzymes are found in several evolutionary groups. Superoxide dismutases containing iron 
are found primarily in prokaryotlc cells. Superoxide dismutases containing copper and zinc has been found 
in virtually all eucaryotic organisms (4). Superoxide dismutases containing manganese have been found in 

25 organisms ranging from microorganisms to man. 

Since every biological macromolecule can serve as a target for the damaging action of the abundant 
superoxide radical, interest has evolved to the Uur^aclic pofe-.tiaJ of SOD. The scientific literature 
suggests that SOD may be useful In a wide range of clinical applications. These include prevention of 
oncogenesis and of tumor promotion, and reduction of the cytotoxic and cardlotoxic effects of anticancer 

30 drugs (10), protection of ischemic tissues (12) and protection of spermatozoa (13). In addition, there is 
interest in studying the effect of SOD on the aging process (14). 

The exploration of the therapeutic potential of human SOD has been limited mainly due to its limited 
availability. 

Superoxide dismutase is also of interest because of its anti-inflammatory properties (11). Bovine-derived 
35 superoxide dismutase (orgotein) has been recognized to possess anti-inflammatory properties and is 
currently marketed in parts of Europe as a human pharmaceutical. It is also sold in the United States as a 
veterinary product particularly for the treatment of inflamed tendons in horses. However, supplies of 
orgotein are limited. Prior techniques involving recovery from bovine or other animal cells have serious 
limitations and the orgotein so obtained may produce allergic reactions in humans because of its non- 
40 human origin. 

Copper zinc superoxide dismutase (CuZn SOD) is the most studied and best characterized of the 
various forms of superoxide dismutase. 

Human CuZn SOD is a dimeric metalloprotein composed of identical non-covalently linked subunits, 
each having a molecular weight of 1 6,000 daltons and containing one atom of copper and one of zinc (5). 
45 Each subunit is composed of 153 amino acids whose sequence has been established (6,7). 

The cDNA encoding human CuZn superoxide dismutase has been cloned (8). The complete sequence 
of the cloned DNA has also been determined (9). Moreover, expression vectors containing DNA encoding 
superoxide dismutase for the production and recovery of superoxide dismutase in bacteria have been 
described (24,25). The expression of a superoxide dismutase DNA and the production of SOD in yeast has 
so also been disclosed (26). 

Recently, the CuZn SOD gene locus on human chromosome 21 has been characterized (27) and recent 
developments relating to CuZn superoxide dismutase have been summarized (28). 
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Much less is known about manganese superoxide dismutase (MnSOD). The manganese superoxide 
dismutase of E. coli K-12 has recently been cloned and mapped (22). Barra et al. disclose a 196 amino acid 
sequence for the manganese superoxide dismutase polypeptide isolated from human liver cells (19). Prior 
art disclosures differ, however, concerning the structure of the manganese superoxide dismutase molecule. 
5 particularly whether it has two or four identical polypeptide subunits (19.23). It is clear, however, that the 

manganese superoxide dismutase polypeptide and the CuZn SOD polypeptide are not homologous (19). * 
The amino acid sequence homologies of MnSODs and FeSOD from various sources have also been 
compared (18). 

Baret et al. disclose in a rat model that the half life of human manganese superoxide dismutase is * 

70 substantially longer than the half-life of human copper SOD; they also disclose that in the rat model, human 
manganese superoxide dismutase and rat copper SOD are not effective as anti-inflammatory agents 
whereas bovine copper SOD and human copper SOD are fully active (20). 

McCord et al. disclose that naturally" occurring human manganese superoxide dismutase protects 
human phagocytosing polymorphonuclear (PMN) leukocytes from superoxide free radicals better than 

75 bovine or porcine CuZn superoxide dismutase in "in vitro" tests (21). 

The present invention concerns the preparation of a cDNA molecule encoding the human manganese 
superoxide dismutase polypeptide or an analog or mutant thereof. 

It is also directed to inserting this cDNA into efficient bacterial expression vectors, to producing human 
manganese superoxide dismutase polypeptide, analog, mutant and enzyme in bacteria, to recovering the 

20 bacterially produced human manganese superoxide dismutase polypeptide, anaiog, mutant or enzyme. This 
invention is also directed to the human manganese superoxide dismutase polypeptides, analogs, or mutants 
thereof so recovered and their uses. 

This invention further provides a method for producing enzymaticaJly active human manganese 
superoxide dismutase in bacteria, as well as a method for recovering and purifying such enzymatically 

25 active human MnSOD. 

The present invention also relates to a DNA molecule encoding the human manganese superoxide 
dismutase gene. It is also directed to inserting the DNA into mammalian cells to produce manganese 
superoxide dismutase polypeptide, analog, mutant and enzyme. 

The present invention also relates to using human manganese superoxide dismutase or analogs or 

30 mutants thereof to catalyze the reduction of superoxide radicals to hydrogen peroxide and molecular 
oxygen. In particular, the present invention concerns using bacterially produced manganese superoxide 
dismutase or analogs or mutants thereof to reduce reperfusion injury following ischemia and prolong the 
vii*;,;^ ^.;od c* excised isolated organs. 

The invention further concerns the use of bacterially produced human manganese superoxide dis- J* 

35 mutase, human manganese superoxide dismutase. or human manganese superoxide dismutase mutants to 
treat inflammations. In particular, the invention relates to the use of human manganese superoxide 
dismutase, human manganese superoxide dismutase analogs or human manganese superoxide dismutase 
mutants to treat disorders associated with the generation of oxygen free radicals in quantities to cause 
undesirable symptoms. Such disorders treated include: (1) synovial inflammation induced by bacterial 

40 lipoporysaccharide endotoxin (LPS); (2) inflammation caused by adjuvant-induced arthritis; or (3) bleomycin- 
induced lung fibrosis. The invention further relates to methods of administering the human manganese 
superoxide dismutase, the human manganese superoxide dismutase analogs or human manganese super- 
oxide dismutase mutants and to amounts and doses of human manganese superoxide dismutase, human 
manganese superoxide dismutase analogs or human manganese superoxide dismutase mutants. 

45 The invention also concerns various human manganese superoxide dismutase analogs in which at least 
one of the human manganese superoxide dismutase polypeptides differs from naturally-occurring human 
manganese superoxide dismutase by the absence of one or more amino acids at the N-terminus. These 
analogs may be used In compositions and the compositions may be used in methods of treating various 
disorders by alleviating the undesirable symptoms associated with the generation of oxygen free radicals. 



SUMMARY OF THE INVENTION 

A DNA molecule which includes cDNA encoding the human manganese superoxide dismutase polypep- 
55 tide or anaiog or mutant thereof has been isolated from a human T-cell library. The nucleotide sequence of 
a double-stranded DNA molecule which encodes human manganese superoxide dismutase polypeptide or 
analog or mutant thereof has been discovered. The sequence of one strand encoding the polypeptide or 
analog thereof is shown in Figure 1 from nucleotide 115 downstream to nucleotide 708 inclusive. Other 
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sequences encoding the analog or mutant may be substantially similar to the strand encoding the 
polypeptide. The nucleotide sequence of one strand of a double stranded DNA molecule which encodes a 
twentyfour (24) amino acid propeptide is also shown in Figure 1 , from nucleotides number 43 through 1 1 4, 
inclusive. 

5 The double-stranded cDNA molecule or any other double-stranded DNA molecule which contains a 
nucleotide strand having the sequence encoding the human manganese superoxide dismutase polypeptide 
or analog or mutant thereof may be incorporated into a cloning vehicle such as a plasmid or virus. Either 
DNA molecule may be introduced into a cell, either prokaryotic, e.g., bacterial, or eucaryotic, e.g., yeast or 
mammalian, using known methods, including but not limited to methods involving cloning vehicles 

io containing either molecule. 

Preferably the cDNA or DNA encoding the human manganese superoxide dismutase polypeptide or 
analog or mutant thereof is incorporated into a plasmid, e.g., pMSE-4 or pMSARB4, and then introduced 
into a suitable host cell where the DNA can be expressed and the human manganese superoxide dismutase 
(hMnSOD) polypeptide or analog or mutant thereof produced. Preferred host cells include Escherichia coli , 

75 in particular E. coli A4255 and E. coli A1845. The plasmid pMSE-4 in E. coH strain A4255 has been 
deposited with the American Type Culture Collection under ATCC Accession No. 53250. The plasmid 
pMSARB4 may be obtained as shown in Figure 4 and described in the Description of the Figures. 

Cells into which such DNA molecules have been introduced may be cultured or grown in accordance 
with methods known to those skilled in the art under suitable conditions permitting transcription of the DNA 

20 into mRNA and expression of the mRNA as protein. The resulting manganese superoxide dismutase protein 
may then be recovered. 

Veterinary and pharmaceutical compositions containing human manganese superoxide dismutase or 
analogs or mutants thereof and suitable carriers may also be prepared. This human manganese superoxide 
dismutase or analogs or mutants may be used to catalyze the following reaction: 

25 

202- + 2H + -H,0, + O, 

and thereby reduce cell injury caused by superoxide radicals. 

More particularly, these enzymes or analogs or mutants thereof may be used to reduce injury caused 
30 by reperfusion following ischemia, increase the survival time of excised isolated organs, or treat inflamma- 
tions. 

This invention is directed to a method of producing enzymatically active human manganese superoxide 
dismutase or an analog or mutant the^°of in a bacterial ceil. The bacterial cell contains anci is capabv o? ,-<, 
expressing a DNA sequence encoding the manganese superoxide dismutase or analog or mutant ^emf. 
35 The method comprises maintaining the bacterial cell under suitable conditions and in a suitable production 
medium. The production medium is supplemented with an amount of Mn ++ so that the concentration of 
Mn ++ available to the ceil in the medium is greater than about 2 pom. 

In a preferred embodiment of the invention the bacterial cell is an Escherichia coli cell containing a 
plasmid which contains a DNA sequence encoding for the human manganese superoxide dismutase 
40 polypeptide e.g. pMSE-4 or pMSARB4 in E. coli strain A4255. The concentration of Mn* + in the production 
medium ranges from about 50 to about 1 500 ppm, with concentrations of 1 50 and 750 pom being preferred. 

This invention also concerns a method of recovering manganese superoxide dismutase analog or 
mutant thereof from bacterial cells which contain the same. The cells are first treated to recover a protein 
fraction containing proteins present in the cells including human manganese superoxide dismutase or 
46 analog or mutant thereof and then the protein fraction is treated to recover human manganese superoxide 
dismutase or analog or mutant thereof. In a preferred embodiment of the invention, the cells are first treated 
to separate soluble proteins from insoluble proteins and cell wall debris and the soluble proteins are 
recovered. The soluble proteins are then treated to separate, e.g. precipitate, a fraction of the soluble 
proteins containing the hMnSOD or analog or mutant thereof and the fraction containing the hMnSOD or 
so analog or mutant is recovered. The recovered fraction of soluble proteins is then treated to separately 
recover the human manganese superoxide dismutase or analog thereof. 

A more preferred embodiment of the invention concerns a method of recovering human manganese 
superoxide dismutase or analog or mutant thereof from bacterial cells which contain human manganese 
superoxide dismutase or analog or mutant thereof. The method involves first isolating the bacterial cells 
55 from the production medium and suspending them in suitable solution having a pH of about 7.0 to 8.0. The 
cells are then disrupted and centrifuged and the resulting supernatant is heated for about 30 to 120 minutes 
at a temperature between 55 and 65° C, preferably for 45-75 minutes at 58-62 °C and more preferably for 1 
hour at 60°C and then cooled to below 10 P C, preferably to 4°C. Any precipitate which forms is to be 
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removed e.g. by centrifugation, and the cooled supernatant is diaJyzed against an appropriate buffer e.g. 2 
mM potassium phosphate buffer having a pH of about 7.8. Preferably, the dialysis is by ultrafiltration using 
a filtration membrane smaller than 30K. Simultaneously with or after dialysis the cooled supernatant 
optionally may be concentrated to an appropriate convenient volume e.g. 0.03 of its original volume. The 

5 retentate is then eluted on an anion exchange chromatography column with an appropriate buffered solution 
e.g., a solution of at least 20 mM potassium phosphate buffer having a pH of about 7.8. The fractions of 
eluent containing superoxide dismutase are collected, pooled and dialyzed against about 40 mM potassium 
acetate, pH 5.5. The dialyzed pooled fractions are then eluted through a cation exchange chromatography 
column having a linear gradient of about 40 to about 200 mM potassium acetate and a pH of 5.5. The peak 

io fractions containing the superoxide dismutase are collected and pooled. Optionally the pooled peak 
fractions may then be dialyzed against an appropriate solution e.g. water or a buffer solution of about 10 
mM potassium phosphate buffer having a pH of about 7.8. 

The invention also concerns purified enzymatically active human manganese superoxide dismutase or 
analogs thereof e.g. met-hMnSOD. or mutants produced by the methods of this invention. 

is The present invention also relates to a DNA molecule encoding the human manganese superoxide 
dismutase gene. The nucleotide sequence of the exon coding regions of one strand of the manganese 
superoxide dismutase gene is shown in Rgure 6. The DNA encoding the manganese superoxide dismutase 
gene may be incorporated into a cloning vehicle such as a plasmid or a virus. The DNA or the cloning 
vehicle may be introduced into eucaryotic cells using known methods. The DNA encoding the human 

20 manganese superoxide dismutase gene is encoded in the plasmids pMSGl 1-1, pMS34 and pMSG-lb. The 
eucaryotic cells which are transformed are preferably mammalian cell lines such as the human HeLa cell 
line or the mouse L cell line. Another aspect of this invention is the production of the human manganese 
superoxide dismutase polypeptide, analog, mutant or enzyme by growing the cells of this invention in 
suitable medium under suitable conditions. 

25 The invention also relates to a double-stranded DNA molecule which encodes human manganese 
superoxide dismutase, human manganese superoxide dismutase analog and the coding strand of which has 
the nucleotide sequence shown in Rgure 6. The invention further relates to a double-stranded molecule 
which encodes human manganese superoxide dismutase mutant and the coding "strand of which has a 
nucleotide sequence which varies from the nucleotide sequence shown in Rgure 6 by one or more 

30 nucleotides. 

The present invention is further concerned with eucaryotic cells in which the DNA sequence encoding 
human manganese superoxide dismutase. human manganese superoxide dismutase analog or human 
nnangar*t$e superoxide dismutase mutant is expressed; and ^tc -ryotic cells wher^n the cell has been 
transformed with a plasmid comprising the DNA sequence encoding human manganese superoxide 

35 dismutase, human manganese superoxide dismutase analog or human manganese superoxide dismutase 
mutant This DNA sequence may be present in single or multiple copies. The DNA sequence encoding 
human manganese superoxide dismutase, human manganese superoxide dismutase analog or human 
manganese superoxide dismutase mutant is derived from a fragment of human genomic DNA containing 
the human manganese superoxide dismutase gene. In addition, the DNA sequence encoding human 

40 manganese superoxide dismutase is regulated by the natural regulatory elements of human genomic 
manganese superoxide dismutase, human manganese superoxide dismutase analog or human manganese 
superoxide dismutase mutant An example of a DNA sequence coding for the human manganese 
superoxide dismutase, the analog or mutant and coding for the native regulatory elements regulating the 
gene is shown in the DNA sequence of Rgure 6. 

45 The eucaryotic cell expressing the genomic DNA sequence of human manganese superoxide dis- 
mutase, human manganese superoxide dismutase analog or human manganese superoxide dismutase 
mutant is a mammalian cell. Examples of mammalian cells which may express the genomic DNA sequence 
are the human HeLa ceil and mouse L cells. 

Methods for producing human manganese superoxide dismutase, human manganese superoxide 

so dismutase analog or human manganese superoxide dismutase mutant which comprise growing the 
eucaryotic cells described above in a suitable medium under suitable conditions permitting production of 
the human manganese superoxide dismutase, the analog or the mutant thereof and permitting the recovery 
of the resulting human manganese superoxide dismutase. the analog or the mutant are also contemplated 
by this invention. Human manganese superoxide dismutase polypeptides, human manganese superoxide 

55 dismutase analogs and human manganese superoxide dismutase mutants produced by this method are 
also contemplated by this invention. 

The invention is also concerned with human manganese superoxide dismutase, human manganese 
superoxide dismutase analogs or human manganese superoxide dismutase mutants used to treat inflamma- 
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tion, in particular, synovial inflammation, induced by lipopofysaccharide endotoxin (LPS); inflammation 
caused by adjuvant-induced arthritis; and bleomycins nduced lung fibrosis. The use of manganese superox- 
ide dismutase. manganese superoxide dismutase analogs and manganese superoxide dismutase mutants to 
treat these various disorders is discussed in greater detail in the Exam pies which follow. The invention also 

5 contemplates amounts and doses of the human manganese superoxide dismutase, analogs or mutants 
thereof used to alleviate symptoms and treat disorders and to methods of administration. 

The invention is further concerned with human manganese superoxide dismutase analogs In which one 
of the human manganese superoxide dismutase polypeptides differs from naturally-occurring human 
manganese superoxide dismutase by the absence of one or more amino acids from the N-terminus. 

70 Compositions comprising human manganese superoxide dismutase, human manganese superoxide 
dismutase analogs or human manganese superoxide dismutase mutants and a suitable carrier are also 
contemplated by this invention. These compositions may be used for treating any disorder for which the 
naturally-occurring superoxide dismutase may be used and for alleviating the undesirable symptoms 
associated with the generation of oxygen free radicals. These disorders and symptoms include, but are not 

15 limited to, reperfusion injury following ischemia or organ transplants, inflammations, bronchial pulmonary 
dysplasia, fibrosis caused by radiation treatment inflammation caused by Crohn's disease or inflammation 
caused by collitis. 



20 BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 . The Sequence of Human Manganese Superoxide Dismutase cDNA 
Figure 1 shows the nucleotide sequence of one strand of a double-stranded DNA molecule encoding the 
human manganese superoxide dismutase as well as the 198 amino acid sequence of human manganese 

25 superoxide dismutase corresponding to the DNA sequence. Rgure 1 also shows the nucleotide sequence of 
one strand of a double stranded DNA molecule encoding a propeptide to the mature human manganese 
superoxide dismutase consisting of twenty-four amino acids and the amino acid sequence corresponding to 
that DNA sequence. Also shown are the 5' and 3* untranslated sequences. 

Rgure 2. Construction of pMSE-4: Human Manganese Superoxide Dismutase Expression Plasmid 

30 Plasmid pMSd-4, containing manganese superoxide dismutase on an' Eco RI (R.) insert, was digested to 
completion with Ndel and Narl restriction enzymes. The large fragment was isolated and ligated with a 
synthetic oligomer as depicted in Rgure 2. The resulting plasmid, pMSd-NN contains the coding region for 
the mature MnSOD, preceded by an ATG initiation cod on. The above plasmid was digested /'ith EcoRI, 
ends were filled in with Klenow fragment of Polymerase I and further cleaved with Nde l. The Small fragment ^ 

35 harboring the manganese superoxide dismutase gene was inserted into pSODal3 which was treated with 1 
Ndel and Stul. pSODo-13 may be obtained as described in pending co-assigned U.S. Patent Application 
Serial No. 644,245, filed August 27, 1984 which is hereby incorporated by reference. This generated 
plasmid pMSE-4 containing the manganese superoxide dismutase coding region preceded by the ell 
ribosomal binding site and under the control of X P L promoter. Plasmid pMSE-4 has been deposited with 

40 the American Type Culture Collection under ATCC Accession No. 53250. 

Rgure 3. Effect of Mn**" Concentration on the Activity of Superoxide Dismutase Produced in E. Coll 
The chart in Rgure 3 shows the correlation between the specific activity in unrts/mg of recombinant soluble 
manganese superoxide dismutase produced by E. cofi strain A4255 containing plasmid pMSE-4 under both 
non-induction (32°C) and induction (42°C) conditions, and the concentration of Mn ++ (parts per million) in 

4s the growth medium. 

Rgure 4. Construction of pMSARB4: Human Manganese Superoxide Dismutase Expression Plasmid 
Tet R expression vector, pARB, was generated from pSOD/3,T-1 1 by complete digestion with Eco RI followed 
by partial cleavage withBamHI restriction enzymes. pSOD/8,T-1 1 has been deposited with the American 
Type Culture Collection (ATCC) under Accession No. 53468. The digested plasmid was ligated with 
so synthetic oligomer 

5 /_ AATTCCCGGGTCTAGATCT - 3' 
3'- 666CCCAGATCTAGACTA6 - 5' 

55 

resulting in pARB containing the k P L promoter. 
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The Eco Rl fragment of manganese superoxide dismutase expression plasmid pMSE-4, containing ell 
ribosomai binding site and the complete coding sequence for the mature enzyme, was inserted into the 
unique Eco Rl site of pARB. The resulting plasmid, pMSARB4, contains the manganese superoxide 
dismutase gene under control of X P L and ell RBS and confers resistance to tetracycline. 

5 Figure 5. Restriction Map and Organization of Human Manganese Superoxide Dismutase Gene 

The thick line represents genomic DNA with the positions of the various restriction endonucleases. The 
black boxes numbered I - VI are the exons. The three open bars above represent the genomic clones which 
contain the manganese superoxide dismutase gene. 

Figure 6. Nucleotide Sequence of Human Manganese Superoxide Dismutase Gene 

to The coding regions and adjacent nucleotides are shown; the exons (shaded areas) were identified by 
comparison with the cDNA clones. The initator codon (ATG), termination codon (TAA) and the polyadenyla- 
tion signal (AATAAA) are underlined. The Spl hexanucleotide (GGGCGG) binding site is indicated by a line 
above the sequence. Dotted arrows represent possible stem-loop structures; straight arrows are direct 
repeats. It should be noted that the numbers shown to the left of the figure are arbitrary and were selected 

is only to assist in the identification of the regions mentioned in the text. Neither the entire non-coding or the 
entire coding region is shown. 

Rgure 7. Exon-lntron Junctions of Human Manganese Superoxide Dismutase Gene 
The nucleotide sequence at the borders of all five introns are compared with the consensus sequences. 
Note that a shift of one nucleotide in intron #1 may alter either the donor or acceptor sequences. 

20 Rgure 8. Pharmacokinetics of Manganese Superoxide Dismutase After Subcutaneous Injection Into 

Rats _ 
Time course of the serum levels of SOD enzymatic activity in rats after subcutaneous administration of 50 
mg/kg of CuZn SOD (tower curve) or manganese superoxide dismutase (upper curve). Values are 
expressed as the mean and standard error (3 rats per point) of the enzymatic activity, calculated as ug/ml 

26 assuming a specific activity of 3000 units/mg. 

Rgure 9. Comparison Between Manganese Superoxide Dismutase and CuZn SOD 
Effect of CuZn SOD and manganese superoxide dismutase administration on carrageenan-induced paw 
swelling in rats, manganese superoxide dismutase (50 mg/kg) was administered subcutaneously 24 hours 
before carrageenan injection (-24 h Mn); CuZn SOD (50 mg/kg) was administered subcutaneously 2 hours (- 

30 2 h Cu) or 24 hours (-24 h Cu) prior to carrageenan injection. The control rats received carrageenan only. 
The bars and vertical brackets represent the means ± standard errors (8 rats per group) of the increase in 
paw volume 1, 2, 3 and 4 hours after carrageenan administration. The asterisks indicate the statistical 
significance of the difference between the treated Qio^oa compel the ucrtrol group: O P 0.05; O p, 
0.01; DP 0.001. 

35 Rgure 10. Pharmacokinetics of Recombinant Manganese Superoxide Dismutase in Rats 

Pharmacokinetic behavior of recombinant manganese superoxide dismutase in rats after its administration 
via three routes: curve (1) depicts intravenous injection (i.v.) of 25 mg/kg body weight (b.w.); curve (2) 
depicts intraperitoneal (i.p.) injection of 25 mg/kg b.w.; curve (3) depicts subcutaneous (s.c.) injection of 25 
mg/kg b.w. 

40 

Rats (7 rats per group) were injected at Time 0, and at Times 0.03. 0.5. 2. 4, 24. 30 and 48 hours (h) after 
injection blood samples were taken and analyzed both enzymaticaily and by RIA for the amount of 
manganese superoxide dismutase present in the serum of each rat The mean value (* the standard error) 
for each sample is plotted against the time after injection. 
45 Rgure 11. Therapeutic Effect of Recombinant Manganese Superoxide Dismutase and CuZn Superox- 

ide Dismutase Analog in Treating Inflammation 

Bar-graph depicting the therapeutic effect of manganese superoxide dismutase and CuZn SOD on knee- 
joint inflammation induced by bacterial lipopofysaccharide (LPS). Knee joint inflammation is expressed as 
Synovial Weight (gm). Rve groups of rats were used in the study: Group 1 animals (positive control; LPS) 

so were given only LPS with no manganese superoxide dismutase treatment Group 2 (negative control) 
animals were treated with saline only as sham-injection; Group 3 animals were treated with 5 mg/knee of 
CuZn together with the LPS; Group 4 were treated with 1 mg/knee of CuZn SOD together with LPS; Group 
5 were treated with 0.6 mg/knee of manganese superoxide dismutase together with LPS. Statistical testing 
(Student Mest) was carried out to determine the significance of the manganese superoxide dismutase and 

55 CuZn SOD effect in inhibiting LPS-induced inflammation. 

Rgure 12. Effect of Recombinant Manganese Superoxide Dismutase and CuZn SOD Analog in 
Treating Adjuvant Induced Arthritis 

Bar-graph depicting the effect of manganese superoxide dismutase and CuZn SOD on inhibiting adjuvant 
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(FreuncTs adjuvant) - induced arthritis. Extent of arthritis is expressed as the increase in paw volume 
following adjuvant injection. The increase in paw volume is calculated relative to the paw volume 14 days 
after adjuvant injection; this is the period of immunological ly-induced chronic arthritis. Manganese Superox- 
ide Dismutase and CuZn SOD were administered in doses according to body weight (b.w.) to adjuvant 

5 treated rats beginning 14 days post-adjuvant injection. Seven groups of rats were used in the study (6 rats 
per group). All animals were injected on Day 1 with 50 ul Freund's adjuvant containing 10 mg/ml killed 
Mycobacterium Tuberculosis. On days 14-20, the following treatments were carried out: group 1 (control) 
rats received no treatment; group 2 rats received 12.5 mg/kg b.w. doses of manganese superoxide 
dismutase each day for 7 days; group 3 rats received 25 mg/kg b.w. of manganese superoxide dismutase 

10 each day for 7 days; group 4 rats received 12.5 mg/kg b.w. of CuZn SOD each day for 7 days; group 5 rats 
received 25 mg/kg b.w. of CuZn SOD each day for 7 days; group 6 rats received 50 mg/kg b.w. of 
manganese superoxide dismutase every second (alternate) day, that Is 3 manganese superoxide dismutase 
treatments on days 1, 3. 5; group 7 rats received 50 mg/kg b.w. of CuZn SOD every second (alternate) day 
(days 1.3. 5). 

is 

At day 21 the animals were examined for amount of paw swelling relative to day 14. Statistical analysis was 
carried out according to Student Mest. 

Figure 13. Therapeutic Effect of Recombinant Manganese Superoxide Dismutase in Treatment of 
Bleomycin Induced Lung Fibrosis 
20 Bar graph depicting the therapeutic effect of manganese superoxide dismutase on Bleomycin-induced lung 
fibrosis. 

The degree of Bleomycin-induced lung fibrosis is expressed in two ways: (a) the ratio of lung weight to 
body weight; (2) the amount of hydroxyproline per lung (ng/g wet weight). 

25 

Three groups of rats were used in this study (15 rats per group): Group 1 rats (negative control) were sham- 
treated and received only saline. Group 2 rats were treated with 1.5 units per rat {* 1.5 mg) of Bleomycin 
administered intra-tracheally on Day 1. Group 3 rats (positive control) were given Bleomycin (1.5 units intra- 
tracheal^ per rat) on day 1 , followed by daily subcutaneous injections of manganese superoxide dismutase 
30 (50 mg/kg body weight) on days 1 -7. 

Three weeks after the start of the study, the surviving animals were sacrificed and their lungs were excised. 
The wet weights of ear r* *ung was determined and ( the hydroxyproline content rfi e*ch Imp- -maysd ^ 
(using standard methods as described in Example 14). The open bars represent th* ratio of lung weight to jfc 
36 body weight and the shaded bars represent the content of hydroxyproline per wet tissue weight The 
brackets represent the standard error of the mean (S.E.M.). 

Figure 14. Effect of Daily Subcutaneous Injection of Recombinant Human Manganese Superoxide 
Dismutase on Bleomycin Induced Lung Fibrosis 

Three groups of rats (100-120 grams body weight) (15 rats/group) were used. One group was given 
40 bleomycin (1 .5 units/rat) irrtratracheally on Day 1 . The second group received bleomycin as in group I as 
well as recombinant human manganese superoxide dismutase (50 mg/ug) subcutaneousry, once daily, for 7 
days. (The recombinant human manganese superoxide dismutase was administered two hours before the 
administration of the bleomycin. A third group (negative control) was given a single injection of saline 
intratracheally on Day 1. 

46 

After three weeks, all surviving animals were sacrificed, their lungs were excised and the lung collagen 
content (expressed as hydroxy-proline) was determined. The results are shown in Figure 14. 

Figure 15. Effect of Manganese Superoxide Dismutase Administration Frequency on Bleomycin- 
induced Lung Fibrosis 

so The experimental details are essentially the same as described in Figure 14, however, the frequency of 
administration of manganese superoxide dismutase was changed. The recombinant human manganese 
superoxide dismutase was administered by a single injection subcutaneously on Day 1 or administered 
subcutaneousry every other day (Days 1 , 3, and 5). Also, the effectiveness of the recombinant CuZn SOD 
analog in preventing lung fibrosis was analyzed. The results are shown in Figure 15. 

55 Figure 16. Effect of Intraperitoneal Administered Manganese Superoxide Dismutase on Bleomycin- 

induced Lung Fibrosis 

The experimental details are essentially the same as described in the description of Figure 14, however, the 
manganese superoxide dismutase or CuZn SOD analog was administered via the intraperitoneal route 
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rather than subcutaneously. The manganese superoxide dismutase or CuZn SOD was administered as a 
single dose on every other day as described in the description to Figure 15. The results are shown in 
Figure 16. 

5 

DETAILED DESCRIPTION OF THE INVENTION 

A double-stranded DNA molecule which includes cDNA encoding human manganese superoxide 
dismutase polypeptide or an analog or mutant thereof has been isolated from a human T-cell DNA library. 

10 The nucleotide sequence of a double-stranded DNA molecule which encodes human manganese superox- 
ide dismutase polypeptide or an analog or mutant thereof has been discovered. The sequence of one 
strand of DNA molecule encoding the human manganese superoxide dismutase polypeptide or analog 
thereof is shown in Figure 1 and includes nucleotides numbered 1 15 to 708 inclusive. The sequence of one 
strand encoding human manganese superoxide dismutase analog or mutant is substantially similar to the 

75 strand encoding the human manganese superoxide dismutase polypeptide. The nucleotide sequence of the 
propeptide of human manganese superoxide dismutase is also shown in Figure 1. Nucleotides numbered 
43 through 114 inclusive code for this propeptide. 

The methods of preparing the cDNA and of determining the sequence of DNA encoding the human 
manganese superoxide dismutase polypeptide, analog or mutant thereof are known to those skilled in the 

20 art and are described more fully hereinafter. Moreover, now that the DNA sequence which encodes the 
human manganese superoxide dismutase has been discovered, known synthetic methods can be employed 
to prepare DNA molecules containing portions of this sequence. 

Conventional cloning vehicles such as plasmids, e.g., pBR322, viruses or bacteriophages, e.g.. can be 
modified or engineered using known methods so as to produce novel cloning vehicles which contain cDNA 

25 encoding human manganese superoxide dismutase polypeptide, or analogs or mutants thereof. Similarly, 
such cloning vehicles can be modified or engineered so that they contain DNA molecules, one strand of 
which includes a segment having the sequence shown in Figure 1 for human manganese superoxide 
dismutase polypeptide or segments substantially similar thereto. The DNA molecule inserted may be made 
by various methods including enzymatic or chemical synthesis. 

30 The resulting cloning vehicles are chemical entities which do not occur in nature and may only be 
created by the modern technology commonly described as recombinant DNA technology. Preferably the 
cloning vehicle is a plasmid. e.g. pMSE-4 or pMSARB4. These cloning vehicles may be introduced in cells, 
either prokaryotic, e.g M bacteriai (Escherichia cu!i . B^ubtilU eSc.; & LwwJryotic, e.g M yeast or mammalian, 
using techniques known to those skilled in the art, such as transformation, transfection and the like. The &f 

35 cells into which the cloning vehicles are Introduced will thus contain cDNA encoding human manganese 
superoxide dismutase polypeptide or analog or mutant thereof if the cDNA was present in the cloning 
vehicle or will contain DNA which includes a strand, all or a portion of which has the sequence for human 
manganese superoxide dismutase polypeptide shown in Figure 1 or sequence substantially similar thereto if 
such DNA was present in the cloning vehicle. 

40 Escherichia coti are preferred host cells for the cloning vehicles of this invention. A presently preferred 
auxotrophic strain of E. coli is A1 645 which has been deposited with the American Type Culture Collec tion 
in Rockville, Maryland, U.SA containing plasmid pApoE-Ex2. under ATCC Accession No. 39787. All 
deposits with the American Type Culture Collection referred to in this application were made pursuant to the 
Budapest Treaty on the International Recognition of the Deposit of Microorganisms. 

46 A1645 was obtained from A1637 by selection for Gal* (ability to ferment galactose) as weH as loss of 
tetracycline resistance, it still contains elements of phage X. Its phenotype is C600 r m + gal + thr leu 
lacZ" bl (X c!857 AH1 ABam H1 N + ). 

A1637 was obtained from C600 by inserting transposon containing tetracycline resistance gene into the 
galactose operon as well as elements of phag© * including those elements responsible for cl repressor 

so synthesis. C600 is available from the American Type Culture Collection, as ATCC Accession No. 23724. 

Prototrophic strains of Escherichia coli which enable high level polypeptide expression even when 
grown in a minimal media are even more preferred as hosts for expression of genes encoding manganese 
superoxide dismutase. One presently preferred prototrophic strain is A4255. Strain A4255 containing the 
plasmid pMSE-4 has been deposited with the American Type Culture Collection under ATCC Accession No. 

55 53250. 

The resulting cells into which DNA encoding human manganese superoxide dismutase polypeptide or 
analog or mutant thereof has been introduced may be treated, e.g. grown or cultured as appropriate under 
suitable conditions known to those skilled in the art. so that the DNA directs expression of the genetic 

10 
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information on coded by the DNA, e.g. directs expression of the hMnSOD polypeptide or analog or mutant 
thereof, and the cell expresses the human manganese superoxide dismutase polypeptide or analog or 
mutant thereof which may then be recovered. 

As used throughout this specification, the term "superoxide dismutase* (SOD) means an enzyme or a 
5 polypeptide acting upon superoxide or oxygen-free radicals as receptors, or which catalyze the following 
dismutation reaction: 

202-+ 2H + - 0, + H,0, 

w The term "manganese superoxide dismutase" (MnSOD) as used herein means any superoxide dismutase 
molecule containing the element manganese, in any of its chemical forms. 

The term "human manganese superoxide dismutase polypeptide" as used herein means a polypeptide 
of 198 amino acids a portion of the amino acid sequence of which is shown in Figure 1; the N-terminus of 
the sequence is the lysine encoded by nucleotides 115-117 of Figure 1 and the COOH terminus of the 
is sequence is the lysine encoded by nucleotides 706-708 of Figure 1 . 

The term "polypeptide manganese complex" as used herein means a molecule which Includes a 
human manganese superoxide dismutase polypeptide in a complex with manganese in any of its chemical 
forms and which has the enzymatic activity of naturally-occurring human manganese superoxide dismutase. 
The term "human manganese superoxide dismutase" as used herein means a molecule which includes 
20 at least two human manganese superoxide dismutase polypeptides in a complex with manganese in any of 
its chemical forms and which has the enzymatic activity of naturaily-occurring human manganese superox- 
ide dismutase. 

The term "human manganese superoxide dismutase polypeptide analog" as used herein means a 
polypeptide which includes a human manganese superoxide dismutase polypeptide to either or both ends 
25 of which one or more additional amino acids are attached or removed. 

The term "polypeptide manganese complex analog" as used herein means a molecule which includes 
a polypeptide manganese complex, the polypeptide portion of which includes one or more additional amino 
acids attached or removed from it at either or both ends. 

The term "human manganese superoxide dismutase analog" as used herein means a molecule that 
30 includes at least two polypeptides at least one of which is human manganese superoxide dismutase 
polypeptide analog, in a complex with manganese in any of its chemical forms, and which has the 
enzymatic activity of naturally-occurring human manganese superoxide dismutase. 

tn? **rm "human manganese superoxide r dismutase polypeptide mutant" ps m«-c* ****** means a w 
polypeptide having an amino acid sequence substantially identic! to that of the human manganese^ 
as superoxide dismutase polypeptide but differing from it by one or more amino acids. 

The term "polypeptide manganese complex mutant" means a molecule which includes a human 
manganese superoxide dismutase polypeptide mutant in a complex with manganese in any of its chemical 
forms and which has the enzymatic activity of manganese superoxide dismutase. 

The term "human manganese superoxide dismutase mutant" as used herein means a molecule which 
40 includes at least two polypeptides at least one of which polypeptides is a human manganese superoxide 
dismutase polypeptide mutant in a complex with manganese in any of its chemical forms and which has the 
enzymatic activity of naturaily-occurring human manganese superoxide dismutase. 

The mutants of human manganese superoxide dismutase polypeptide and human manganese superox- 
ide dismutase which are included as a part of this invention may be prepared by mutating the DNA 
45 sequence shown in Figure 1, the N-terminus of which, sequence is the lysine encoded by nucleotides 115- 
117 and the COOH terminus of which sequence is encoded by nucleotides 706-708. 

The DNA may be mutated by methods known to those of ordinary skill in the art, e.g. Bauer et al., 
Gene 37: 73-81 (1985). The mutated sequence may be inserted into suitable expression vectors as 
described herein, which are introduced into cells which are then treated so that the mutated DNA directs 
so expression of the human manganese superoxide dismutase polypeptide mutants and the human man- 
ganese superoxide dismutase mutants. 

The enzymaticaily active form of human manganese superoxide dismutase is believed to be a protein 
having at least two, and possibly four, identical subunits, each of which has approximately 198 amino acids 
in the sequence shown in Figure 1 for human manganese superoxide dismutase. the N-terminus of the 
55 sequence being the lysine encoded by nucleotides 115-117 of Figure 1 and the COOH terminus of the 
sequence being the lysine encoded by nucleotides 706-708 of Figure 1 . 

Human manganese superoxide dismutase or analogs or mutants thereof may be prepared from cells 
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manganese superoxide dismutase will vary with the type of medium used. 

In LB-type growth media Mn ++ concentrations of 150 ppm to 750 ppm have been found effective. It is 
preferred that in all complex types of growth mediums the concentration of Mn ++ in the medium is from 
about 50 to about 1500 ppm. 
5 The specific ingredients of the suitable stock, culture, inoculating and production mediums may vary 
and are known to those of ordinary skill in the art 

This invention also concerns a method of recovering human manganese superoxide dismutase or 
analog or mutant thereof from bacterial ceils which contain the same. The cells are first treated to recover a 
protein fraction containing proteins present in the cells including human manganese superoxide dismutase 
10 or analog or mutant thereof and then the protein fraction is treated to recover human manganese 
superoxide dismutase or analog or mutant thereof. 

In a preferred embodiment of the invention, the cells are first treated to separate soluble proteins from 
insoluble proteins and cell wall debris and the soluble proteins are then recovered. The soluble proteins so 
recovered are then treated to separate, e.g. precipitate, a fraction of the soluble proteins containing the 
rs human manganese superoxide dismutase or analog or mutant thereof and fraction is recovered. The fraction 
is then treated to separately recover the human manganese superoxide dismutase or analog or mutant 
thereof. 

The following is a description of a more preferred embodiment of the invention. First, the bacterial cells 
are isolated from the production medium and suspended in a suitable solution having a pH of about 7.0 or 

20 8.0. The cells are then disrupted and centrifuged. The resulting supernatant Is heated for a period of about 
30 to 120 minutes at a temperature between approximately 55 to 65 °C, preferably for 46-75 minutes at 58 
to 62'C and more preferably one hour at 60 B C, and then cooled to below 10*C, preferably to about 4°C. 
Any precipitate which may form during cooling is removed, e.g. by centrffugation and then the cooled 
supernatant is diaiyzed against an appropriate buffer. Preferably the cooled supernatant is diaiyzed by 

25 ultrafiltration employing a filtration membrane smaller than 30K, most preferably 10K. Appropriate buffers 
include 2 mM potassium phosphate buffer having a pH of about 7.8. After or simultaneously with this 
dialysis the cooled supernatant may optionally be concentrated to an appropriate volume, e.g. 0.03 of the 
supernatant' s original volume has been found to be convenient The retentata is then ekrted on an anion 
exchange chromatography column with an appropriate buffered solu tion. e.g., a solution at least 20 mM 

30 potassium phosphate buffer having a pH of about* 7.8. The fractions of eluertt containing superoxide 
dismutase are collected, pooled and diaiyzed against about 40 mM potassium acetate, pH 5.5. The diaiyzed 
pooled fractions are then efuted through a cation exchange chromatography column having a finear gradient 
'J about 40 to aboi* 200 mM potassium acetate (KOAc) and a pH of 5.5. The peak fractions containing the . 
superoxide dismutase are collected and pooled. Optionally the pooled peak fractions may then be diaiyzed ^ 

as against an appropriate solution, e.g. water or a buffer solution of about 10 mM potassium phosphate having ^ 
a pH of about 7.8. 

The invention also concerns purified, i.e. substantially free of other substances of human origin, human 
manganese superoxide dismutase or analogs or mutants thereof produced by the methods of this invention. 
In particular, it concerns a human manganese superoxide dismutase analog having at least two polypep- 

40 tides, at least one of which polypeptides has the amino acid sequence shown in Figure 1 , the N-terminus of 
which sequence is the lysine encoded by nucleotides 115-117 of Figure 1 and the COOH terminus of which 
sequence is the lysine encoded by nucleotides 706-708 of Figure 1 plus an additional methionine residue at 
the N-terminus (Met-hMnSOD). A preferred embodiment of this invention concerns purified Met-hMnSOD 
having a specific activity of 3500 units/mg. 

45 The invention further concerns the ligation of human manganese superoxide dismutase gene fragments 
taken from various plasmids to yield a complete human manganese superoxide dismutase gene fragment 
which can be introduced into mammalian ceils for the production of MnSOD. The various human 
manganese superoxide dismutase fragments isolated from the plasmids detail the nucleotide sequence of 
the genomic human manganese superoxide dismutase gene including coding and adjacent nucleotides as 

so well as a restriction map and organization of the gene. 

The genomic gene commences at nucleotide 479 which is the first nucleotide of the ATQ initiation 
codon and is underlined in Figure 6. The TAA termination codon for the genomic gene is at nucleotides 
2022-2024. These numbers are arbitrary numbers merely to assist in identifying the nucleotide region. 

A restriction map and organization of the genomic human manganese superoxide dismutase gene is 

55 depicted in Rgure 5. 

As noted, portions of genomic manganese superoxide dismutase DNA are found in each of three 
different clones. pMSGH-1, pMSG4, and pMSG-1b also depicted in Rgure 5 and the DNA from these 
clones was used to map the nucleotide sequence of Rgure 6. Also shown in Rgures 6 and 7 are the exon 
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and intron regions of the human manganese superoxide dismutase gene. 

The invention also relates to eucaryotic ceils in which the DNA sequence encoding human manganese 

superoxide dismutase is expressed and to eucaryotic cells wherein the cell has been transformed with a 

plasmid comprising the DNA sequence encoding human manganese superoxide dismutase. This DNA 
5 sequence may be present in the cell in single or in multiple copies. The DNA sequence encoding human 

manganese superoxide dismutase is derived from a fragment of human genomic DNA containing the human 

manganese superoxide dismutase gene. 

In addition, the DNA sequence encoding human manganese superoxide dismutase is regulated by 

native regulatory elements of human genomic manganese superoxide dismutase. The complex DNA 
/o sequence analog for genomic human manganese superoxide dismutase polypeptide or an analog thereof 

including gene sequences coding for the native regulatory elements regulating gene expression is shown in 

the non-coding region of Figure 6 in the region prior to where the prepolypeptide is encoded. 

The eucaryotic cell expressing the genomic sequence of human manganese superoxide dismutase is a 

mammalian cell. Examples of mammalian cells which may be used to express the genomic DNA sequence 
is are the human HeLa cell line and mouse L cells although it is to be understood that any mammalian cz\\ 

line may be used. 

The subject invention also relates to methods for producing human manganese superoxide dismutase 
comprising growing the eucaryotic cells described above in a suitable medium under suitable conditions 
permitting production of the human manganese superoxide dismutase. human manganese superoxide 
20 dismutase analog, or human manganese superoxide dismutase mutant and permitting the recovery of the 
resulting human manganese superoxide dismutase, human manganese superoxide dismutase analog or 
human manganese superoxide dismutase mutant 

The subject application further relates to various uses of the human manganese superoxide dismutase, 
human manganese superoxide dismutase analogs or human manganese superoxide dismutase mutants of 
25 the invention. 

The human superoxide dismutase, human manganese superoxide dismutase analogs or human man- 
ganese superoxide dismutase mutants may be used, for example, to treat a subject suffering from a 
disorder associated with the generation of oxygen free radicals in quantities sufficient to cause undesirable 
symptoms by administering to the subject an amount of the human manganese superoxide dismutase, 

30 analog or mutant to alleviate the undesirable symptoms. The compounds may be used to treat for example, 
a subject with inflammation* and in particular, subjects having synovial inflammation. The inflammation may 
be induced by lipopolysaccharide endotoxin (LPS) or by any other inflammatory causing agent The human 
manganese superoxide d&mutase is preferably administered intraartScularly directly to the join; in amount 
between about 1 to about 200 mg/joint applied in daily amounts. Other methods of administration may alpc ^ 

35 be used. 

Human manganese superoxide dismutase, human manganese superoxide dismutase analogs or human 
manganese superoxide dismutase mutants may further be used to treat arthritis and to treat the inflamma- 
tion caused by arthritis. This arthritis may be induced, for example, by an adjuvant The human manganese 
superoxide dismutase. the analogs or mutants are administered preferably subcutaneously in daily doses of 

40 between about 1 and about 100 mg/kg body weight of the subject and more preferably in amounts of 
between about 3 and about 50 mg/kg body weight of the subject The compounds may also be 
administered intravenously or by the other methods known to those skilled in the art 

The human manganese superoxide dismutase. human manganese superoxide dismutase analogs or 
human manganese superoxide dismutase mutants may further be used to treat lung fibrosis, a symptom 

45 often associated as a side effect of bleomycin. The human manganese superoxide dismutase, analogs or 
mutants are preferably administered subcutaneously in daily doses of between about 1 and about 100 
mg/kg body weight of the subject and more preferably in amounts of between about 3 and about 50 mg/kg 
body weight of the subject The compounds may also be administered intravenously or intratracheally. 

The invention further relates to specific human manganese superoxide dismutase analogs in which one 

so of the human manganese superoxide dismutase polypeptides differs from naturally-occurring human 
manganese superoxide dismutase by the absence of one or more amino acids from the N-terminus. 

The subject application is further concerned with pharmaceutical compositions comprising the human 
manganese superoxide dismutase, human manganese superoxide dismutase analogs or human manganese 
superoxide dismutase mutants in a suitable pharmaceutical carrier. 

55 The compositions may be used for treatment of various disorders which include, but are not limited to, 
treatment of reperfusion injury following ischemia or organ transplants: treatment of inflammations: treat- 
ment of arthritis; treatment of bronchial pulmonary dysplasia, treatment of inflammation caused by Crohn's 
disease; and treatment of inflammation caused by coilitis. The compositions alleviate the undesirable 
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symptoms associated with the generation of oxygen free radicals. 



EXAMPLES 

5 

The Examples which follow are set forth to aid in understanding the invention but are not intended to. 
and should not be construed to, limit its scope in any way. The Examples do not include detailed 
descriptions for conventional methods employed in the construction of vectors, the insertion of genes 
encoding polypeptides into such vectors or the introduction of the resulting plasm Ids into hosts. The 
10 Examples also do not include detailed description for conventional methods employed for assaying the 
polypeptides produced by such host vector systems or determining the identity of such polypeptides by 
activity staining of isoelectric focusing (IEF) gels. Such methods are well-known to those or ordinary skill in 
the art and are described in numerous publications including by way of example the following: 

T. Maniatis, EF. Fritsch and J. Sombrook, Molecular Cloning: A Laboratory Manual , Cold Spring Harbor 
75 Laboratory, New York (1982). " 

J.M. McCord and I. Fridovich. J. Biol. Chem. 244: 6046-55 (1969). 

C. Beauchamp and I. Fridovich, Anal. Biochem. 44: 276-87 (1971). 



20 EXAMPLE 1 

In order to identify manganese superoxide dismutase cDNA clones, mixed oligomer probes were 
synthesized according to the published amino acid sequence (18,19). 

25 

5' 3' 
TTGCATAATTTGTGCCTTAATGTGTGGTTC 

30 T G T G 

G G 



35 3 ' -probe - 32 mer sequence from AA 1?9 -AA 189 (18) 

5' 3' 
TCTGTTACGTTTTCCCAGTTTATTACGTTCCA 

40 

G G G G 



46 The 5'-probe consisting of 30 nucleotides corresponds to amino acids 15 to 24 of mature MnSOD. The 
3'-probe consisting of 32 nucleotides corresponds to amino acids 179 to 189 of mature manganese 
superoxide dismutase. The 5 -probe is a mixed probe consisting of 36 different sequences, as shown above. 
The 3*-probe is a mixed probe consisting of 16 different sequences as shown above. (When more than one 
nucleotide is shown at a given position, the DNA strand was synthesized with equimolar amounts of each of 

so the shown nucleotides thus resulting in the mixed probe). 

The 5'-probe was employed to screen 300,000 plaques of a T-ceil cDNA library cloned into the X gt-10 
vector. Hybridization to phage plaque replicas immobilized on nitrocellulose filters was performed according 
to standard procedures (Maniatis et al. supra) except that the hybridization was performed at 50 *C in 
8 X SSC for 16 hrs. The filters were then washed at 50°C with 5 X SSC and 0.1% SDS. Three positive 

55 plaques were isolated and named Phi MS8, Phi MS1 and Phi MS1J. 

EcoRI digests of DNA from Phi MS8 and Phi MS1 showed that they both have cDNA inserts 
approximately 800 bp long, which hybridize to both the 5' and 3* oligonucleotide probes. Phi MS1J carried 
only 450 bp cDNA insert which hybridized only to the 5' end probe. 
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The EcoRI inserts of the three phage clones were subcloned into the Eco RI site of pBR322 thus 
yielding pMS8-4. pMS1-4 and pMSU, respectively. Restriction analysis and hybridization to the 5' and 3' 
oligonucleotide probes revealed similar patterns for both pMS8-4 and pM$1-4. The following restriction map 
showing the 5' -» 3' orientation has been deduced for both plasmids. 
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The sequence of the cDNA insert of pMS8-4 is shown in Rgure 1. The predicted amino acid sequence 
differs from the published amino acid sequence (19) In that GIu appears instead of Gin in three (3) locations 
(AA 42. 88, 108) and an additional two amino acids. Gly and Trp appear between AA„-,^ Sequence 
analysis of pMS1-4 and pMSU revealed that the three manganese superoxide dismutase clones were 
independently derived and confirmed these differences from the published amino acid sequence. 

The sequence upstream of the N-terminal Lysine of mature manganese superoxide dismutase predicts 
a propeptide sequence of 24 amino acids. 
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EXAMPLE 2 

Construction of pMS8-4: Amp R Human Manganese Superoxide Dismutase Expression Plasmid 

The starting point for the construction of pMSE-4 is the plasmid pMS8-4 which was obtained as 
described in Example 1. Plasmid pMS8-4, containing human manganese superoxide dismutase cDNA on an 
EcoRI insert, was digested to completion with Ndel and Narl restriction enzymes. The large fragment was 
isolated and ligated with a synthetic oligomer as depicted in Rgure 2. The resulting plasmid, pMS8-NN 
contains the coding region for the mjujre manganese superoxide dismutase, preceded by an ATG irvtiHtk*- 
codon. The above plasmid was digested with EcoRI, ends were filled in with Klenow fragment of 
Polymerase I and further cleaved with Ndel. The small fragment containing the manganese superoxide 
dismutase gene was inserted into pSODa13 which was treated with Nde l and StuI. pS00a13 may be 
obtained as described in pending, co-assigned U.S. Patent Application Serial No. 644,245, filed August 27. 
1984 which is hereby incorporated by reference. This generated plasmid pMSE-4 containing the man- 
ganese superoxide dismutase coding region preceded by the ell ribosomal binding site and under the 
control of X P L promoter. Plasmid pMSE-4 has been deposited with the American Type Culture Collection 
under ATCC Accession No. 53250. All methods utilized in the above processes are essentially the same as 
those described in Maniatis, supra. 
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EXAMPLE 3 

Expression of the Recombinant Human Manganese Superoxide Dismutase 

Plasmid pMSE-4 was introduced into Escherichia coli strain A4255 using known methods. Then the E. 
coli strain 4255, containing pMSE-4, were grown at 32°C in Luria Broth (LB) medium containing 100 ug/ml 
of ampicillin until the Optical Density (OD) at 600 nm was 0.7. Induction was performed at 42°C. Samples 
taken at various time intervals were electrophoresed separated on sodium dodecyl sulfate - polyacrylamide 
gels electrophoresis (SDS-PAGE). The gels showed increases in human manganese superoxide dismutase 
levels up to 120 minutes post-induction, at which stage the recombinant manganese superoxide dismutase 
protein comprised 27% of total cellular proteins as determined by scanning of Coomassie-blue stained gel. 
Sonication of samples for 90 sec. in a W-375 sonicator and partitioning of proteins to soluble (s) and non- 
soluble (p) fractions by centrifugation at 10,000 ug for 5 min. revealed that most of the recombinant 
manganese superoxide dismutase produced was non-soluble. The induced soluble protein fraction con- 
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tained only slightly more SOD activity than the un induced counterpart as assayed by standard methods. 
See McCord et al., supra . Apparently a portion of the manganese superoxide dismutase found in the soluble 
fraction is inactive. This suggested that most of the human manganese superoxide dismutase produced 
under the conditions described in this Example is, in effect, inactive. 



EXAMPLE 4 

Effect of Mn** in Growth Media on Manganese Superoxide Dismutase Solubility and Activity 

w 

The addition of Mn ++ in increasing concentrations up to 460 ppm to the growth media of E. coli A4255, 
containing pMSE-4, prior to a 2 hr. induction at 42° C had no adverse effect on the overall yield of human 
manganese superoxide dismutase. Analysis of sonicated protein fractions soluble (s) and non-soluble (p) on 
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), showed increased solubilization of 

75 the recombinant protein with increased Mn ++ concentrations (Table 1). An assay of superoxide dismutase 
activity (see McCord et al., supra) suggests a correlation between increased Mn ++ concentrations in the 
growth media and increased solubility of the manganese superoxide dismutase with an apparent optimum 
at 150 ppm Mn* + concentration in the media (Figure 3). Furthermore increased Mn ++ concentrations 
activated previously inactive soluble enzyme. Soluble protein fractions of induced cultures grown at these 

20 Mn ++ levels show up to 60-fold increase in SOD activity over soluble protein fractions of non-induced 
cultures grown at these Mn ++ levels. Activity staining of isoelectric focusing (IEF) gels (see Beauchamp et 
al, supra .) revealed that murti forms of the recombinant manganese superoxide dismutase were identical to 
those of native human liver MnSOD. 

Results for human manganese superoxide dismutase production by E. coli A1645 containing pMSE-4 

25 were similar to those described above. 

TABLE 1 



30 



06 



40 



Mn Percent 
(ppm) Soluble 

human Mn 

SOD of 

Total human 

MnSOD 

Induced 



Percent 
Soluble 
human Mn 
SOD of 
Soluble Bac- 
terial Proteins 



Specific 

Activity 

uuxbd/mg 

Soluble 

Proteins 



0 


30.6 


7.2 


30 


50 


72.7 


15.4 


241 


100 


78.0 


16.9 


356 


150 


82.9 


18.8 


606 


200 


82.0 


20.8 


338 


250 


79.2 


20.4 


380 


300 


80.8 


20.3 


381 


450 


89.2 


22.4 


323 
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EXAMPLE S 

Construction of pMSARB4: Tet R Human Manganese Superoxide Dismutase Expression Plasmid 

Tet^expression vector, pARB, was generated from pSOD0,T-11 by complete digestion with EcoRI 
followed by partial cleavage with Bam HI restriction enzymes. pSODj3,T-11 has been deposited with the 
American Type Culture Collection under Accession No. 53468. The digested plasmid was ligated with 
synthetic oligomer 

5'- AATTCCCGGGTCTAGATCT - 3' 
3'- GGGCCCAGATCTAGACTAG - 5' 

resulting in pARB containing the X P L promoter. 

The Eco RI fragment of manganese superoxide dismutase expression plasmid pMSE-4. containing ell 
ribosomal binding site and the complete coding sequence for the mature enzyme, was inserted into the 
unique EcoRI site of pARB. The resulting plasmid, pMSARB4, contains the manganese superoxide 
dismutase gene under control of X P L and ell RBS and confers resistance to tetracycline (Figure 4). 



EXAMPLE 6 

Expression of Human Manganese Superoxide Dismutase from pMSARB4 

25 Plasmid pMSARB4 was introduced into Escherichia coli strain A4255, using known methods. Cultures 
were grown at 32°C in Luria Broth (LB) containing various concentrations of Mn ++ , until the Optical Density 
(OD) at 600 nm reached 6.7. Induction was performed at 42 °C. Samples taken at various time intervals 
were electrophoresed on SDS-PAGE. hMnSOD level increased with induction time up to 120 minutes, at 
which stage it comprised about 15% of total cellular proteins as determined by scanning of Coomassie Blue 
stained gel. ++ 

The induced manganese superoxide dismutase was soluble, regardless of Mn concentration in 
growth media This is in contrast with observations for the AmpVasmid^MSF-* (See Example A.} 
However, maximum SOD activity and expression level were dependent on Mn + supplementation (733le Z). 



18 



0 284 105 



TABLE 2 



Manganese Superoxide Dismutase Expression in E.Coll 

A4255 (PMSARB4) 



pp» Mn 



Percent Soluble 

hMnSOD 

of Soluble 

Bacterial Proteins 



Specific Activity 
Units/mg Soluble 
Proteins 





42' 


32* 


42' 


0 


10.9 


8.0 


23 


50 


19.8 


8.0 


227 


100 


16.0 


8.0 


241 


200 


17.0 


10.0 


278 


300 


16.0 


9.3 


238 



EXAMPLE 7 

Purification of Enzymatically Active Recombinant Human Manganese Superoxide Dismutase Analog 

JE co!i strain A4255 harboring plasmid pMSARB4 was fermented in LB supplemented with 750 ppm 
Mn , at 32*C to an A600 of 17.0. Induction of human manganese superoxide dismutase expression was 
effected by a temperature shift to 42°C for 2 hours at which stage the culture reached A600 of 43.0. Cells 
were harvested by centrifugation and resuspended in 0.2 original volume in 50 mM potassium phosphate 
buffer, pH 7.8 containing 250 mM NaCI. Bacteria were disrupted by a double passage through Dynomill*. 
centrifuged and ceil debris were discarded. The supernatant was heated for 1 hour at 80 °C, cooted to 4°C 
and the cleared supernatant was concentrated to 0.03 original volume and diaiyzed against 2 mM 
potassium phosphate buffer. pH 7.8, on a Peilicon* ultra filtration unit equipped with a 10K membrane. The 
crude enzyme preparation was loaded onto a DE52« column, washed thoroughly with 2 mM potassium 
phosphate buffer. pH 7.8 and eluted with 20 mM potassium phosphate buffer, pH 7.8. Pooled fractions 
containing the enzyme were diaiyzed against 40 mM potassium acetate, pH 5.5, loaded onto a CM52« 
column and eluted with a linear gradient of 40 - 200 mM potassium acetate. pH 5.5. Peak fractions 
containing human manganese superoxide dismutase were pooled, diaiyzed against H,0, adjusted to 10 mM 
potassium phosphate buffer, pH 7.8 and frozen at -20°C. 

Recombinant human manganese superoxide dismutase analog obtained was more than 99% pure, with 
a specific activity of about 3500 units/mg. The overall yield of the purification procedure was about 30% 
(Table 3). 

Sequencing of the purified enzyme shows the presence of an additional methionine at the N-terminal 
amino acid as compared with the known human manganese superoxide dismutase (19). 

Analysis for metal content by atomic absorption revealed about 0.77 atoms Mn per enzyme subunit. 
This is in accordance with published data (23). 
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TABU 3 



Purification of Becoabinent Humea* Mn-SOD 



Total 

Step 


Proteins 
gm 


Yield 
gmSOD 


% 


Specific Activity 
units/mg 


Dynomill* supernatant: 


100.0 


11.9 


100.0 


417 


60 *c supernatant 


24.0 


8.2 


68.9 


1197 


Pellicon # retentate 


20.0 


7.5 


63.0 


1350 


DE52 # eluata 


7.3 


5*7 


48.0 


2732 


CM52* eluata 


4.2 


4.2 


35.3 


3500 



75 



20 



26 



♦Values for enzyme purified from 15 L fermentation. 
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EXAMPLE 8 



Isolation and Structure of Human Manganese Superoxide Dismutase Gene 



35 



40 



46 



so 



55 



Human placerta: DNA digested with Hindlll and Bam HI was fractionated according to itr. siit-, 
hybridised with an manganese superoxide dismutase cDNA probe and the positive enriched fractions* were 
cloned in pBR322. Three distinct clones were identified according to their restriction and hybridization 
patterns: pMSG11-1, overlapping pMSG4, both comprising the 5' end of manganese superoxide dismutase 
gene and followed by the consecutive clone pMSG-1b which contains the 3* end of the gene. Plasmid 
pMSG11-1 has been deposited in the ATCC under Accession' No. 67363; plasmid pMSG4 has been 
deposited in the ATCC under Accession No. 67364; and plasmid pMSG-1b has been deposited in the 
ATCC under Accession No. 67365. Figure 5 shows the restriction map and organization of the manganese 
superoxide dismutase gene. The nucleotide sequence of the gene is shown in Figure 6. The manganese 
superoxide dismutase gene spans a region of about 15 Kb and contains six exons. The first intron interrupts 
the region coding for the leader peptide while the last intron appears in the 3' untranslated region 
downstream to the TAA termination codon. 

The sequences of the donor and acceptor splice junctions at the exon-intron boundries are summarized 
in Rgure 7 and compared with the consensus sequence. It should be pointed out that the first intron 
contains either an unusual donor sequence; GG instead of the highly conserved GT (as depicted in Figure 
6), or an unusual acceptor sequence; GG instead of AG (if one moves the exon by one nucleotide). All other 
four introns are bound by the conserved GT ... AG nucleotides. 

The promoter region lacks TATA and/or CAT boxes. However, it is highly rich in GC and contains eight 
repeats of the consensus hexanucleotide core for binding transcription factor Spl (GGGCGG). Moreover, it 
includes a series of direct repeats and possible stem-loop structures. The polyadenyiation signal AATAAA 
appears 85 nucleotides downstream from the last exon (according to the known cDNA sequence). The 
sequence of the promoter region and the sequence of the coding regions and adjacent nucleotides was 
determined. 

The manganese superoxide dismutase gene regions from plasmids pMSGH-1, pMSG4 and pMSG-lb 
can be conveniently isolated from the plasmids and ligated to one another to form the entire manganese 
superoxide dismutase gene. For example, the approximately 6 KB Hindlll-partial BamHI fragment from 
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pMSG11-1 can be ligated to the entire BamHI insert in plasmid pMSQ4 followed by ligation to the entire 
BamHI insert from pMSG-1b. The result of this ligation would be a DNA fragment encoding the human 
manganese superoxide dismutase gene. This ONA fragment could then be introduced into mammalian ceils 
through known methods either directly or after ligation to a cloning vehicle such as a piasmid or virus. The 
5 transformed cell line could then be used for production of manganese superoxide dismutase polypeptide, 
analog or mutant thereof, by cutturing in a suitable medium under suitable conditions. The polypeptide so 
produced could then be recovered by methods similar to those set forth in Example 7. The polypeptide so 
recovered could then be used formulated and used therapeutically, for example, for treatment of Ischemia 
or inflammation. 

w 

EXAMPLE 9 

Transcription of Manganese Superoxide Dismutase in Human Cells 

75 

The human manganese superoxide dismutase cDNA from plasmid pMS-84 (Figure 2) was hybridized to 
polyA RNA from human cell lines, human placenta, mouse WEHI-3 cells and bovine liver. Two species of 
human mRNA for manganese superoxide dismutase were identified, a major transcript of human mRNA 
encoding manganese superoxide dismutase of about 1000 nucleotides (nt) long and a minor transcript of 

20 about 4000 nt in length. The mouse mRNA for manganese superoxide dismutase is similar in size to the 
human major transcript, whereas mRNA for bovine manganese superoxide dismutase is about 300 nt 
longer. The kxig human trancript (4000 nucleotides) hybridizes to the fifth irrtron of the human manganese 
superoxide dismutase gene, downstream from the exon coding for the carboxy terminus of the enzyme. 
This partially spliced transcript is non-tissue specific. 

25 The proportion of both CuZn and manganese superoxide dismutase mRNAs in various cell lines was in 
the order of 10~ 3 %, as determined by hybridization of the SOD cDNA probes to dot blots of serially diluted 
polyA* RNA (Table IV). The manganese superoxide dismutase message was most abundant in Hepatoma 
cells (2.5 * 10~ 3 %) and CuZn SOD transcripts were most abundant in the T-lymphocyte line (4 x 1(T 3 %). 

30 

TABLE IV 

^ Transcription Levels of Manganese Superoxide Dismutase 

and CuZn SOD in Human Cell Lines 

% of polyA + RNA 

40 

Cell Line MnSOD CuZnSOD 



45 

1. PEER T-cell 

2. 5637 Bladder 

50 

Carcinoma 

3. Alexander Hepatoma 

55 



EXAMPLE 10 



0.6 X 10 

0.8 X 10 
2.5 X 10 

21 



4.0 X 10 

1.6 X 10 
2.0 X 10 
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Pharmacokinetic and Anti-Inflammatory Properties of Recombinant Human Manganese Superoxide Di^ 
mutase 

INTRODUCTION 

5 

The anti-inflammatory activity of CuZn SOD has been demonstrated in various biological models. The 
pharmacokinetics of CuZn SOD after administration by various routes have also been examined, and it has 
been found to have a relatively short half-life (approximately 7 minutes when injected intravenously). By 
contrast, very little is known about the pharmacokinetics and biological activity of MnSOD. There is only one 

io report on the comparison of the pharmokinetic and anti-inflammatory properties of the CuZn and the Mn 
containing enzymes (Baret et al.. 1984). Baret et al. claim that the half-life of manganese superoxide 
dismutase injected intravenously is extremely long (6.45 hours). On the other hand, manganese superoxide 
dismutase was shown to be ineffective against carrageenan-induced paw inflammation in rats, while the 
CuZn SOD was effective in reducing inflammation. In the study described herein, we have compared the 

is pharmacokinetic properties of recombinant human manganese superoxide dismutase with that of a recom- 
binant human CuZn SOD analog when given subcutaneously. Concurrently, we have compared the anti- 
inflammatory activities of these two enzymes in the carrageenan paw edema model. Unexpectedly, it was 
found that manganese superoxide dismutase was efficacious in reducing inflammation in the rat model 
system. 

20 

PHARMACOKINETIC STUDIES 

Rats were injected subcutaneously with 50 mg/kg body weight of either recombinant human CuZn SOD 
25 analog or recombinant human MnSOD. Blood samples were drawn 0.5, 2, 4, 8, 24, 30 and 48 hours after 
injection and superoxide dismutase activity in the samples was determined by an enzymatic assay 
(Fridovich). 

Figure 8 summarizes the results. As shown, CuZn SOD analog values reached a maxmimum of about 
10 ng/ml after 2 hours and stayed at about that level for additional 6 hours, but dropped to pre-injection 
30 levels after 24 hours. By contrast manganese superoxide dismutase levels gradually increased to reach a 
maximal level of about 70 jxg/ml by 8 hours, and stayed at about this level for at least 30 hours. By 48 
hours, the enzyme activity in serum dropped to about 20 ng/ml, a value that was still we'! above the pre- 
injec»*>n ievo-ls. 

36 

ANTI-INFLAMMATORY ACTIVITY 

The rat model of carrageenan-induced paw edema was used to assay the anti-inflammatory activity of 
CuZn SOD analog and MnSOD. In this model, Wistar-derived male rats (130-150g b.w.) were given a sub- 

40 plantar injection of 0.1 ml of 0.1% w/v carrageenan into the left hind paw. The paw volume was measured 
by an Hg-displacement volumeter (a modification of a Ugo- Basiled volumeter, Comerio, Italy) before and at 
hourly intervals after paw injection. Animals were divided into 4 groups (8 rats/group). One group received a 
subcutaneous injection of 50 mg/kg of manganese superoxide dismutase 24 hours before carrageenan 
administration (-24 h Mn; cf. Figure 9). The second group was injected with Cu/Zn SOD analog (50 mg/kg) 

45 24 hours before the carrageenan challenge (-24 h Cu) f while the third group was injected with 60 mg/Kg of 
CuZn SOD analog only 2 hours before the challenge (-2h Cu). The fourth group did not receive any 
pretreatment and served as a control. 

The results are shown in Figure 9. As seen, the administration of CuZn SOD analog 2 hours before the 
induction of inflammation resulted in a 50% reduction of the swelling response. In contrast, pretreatment 

so with the CuZn enzyme 24 hours before challenge was without effect However, a 24-hour pretreatment with 
manganese superoxide dismutase resulted in an anti-inflammatory response which was similar to the effect 
of the 2 hours pretreatment with CuZn SOD analog. 
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CONCLUSIONS 

It has been demonstrated herein that the rate of disappearance of recombinant human manganese 
superoxide dismutase in the rat is much lower than that of the recombinant CuZn SOD analog. This is in 

5 agreement with the previous report of Baret et al. (1984) concerning the natural human manganese 
superoxide dismutase. However, the manganese-containing enzyme has been shown herein to be active in 
vivo as an anti-inflammatory agent - an activity that is attributed to its superoxide dismutase ability. This 
finding is surprising in view of the report of Baret et al. (1984), which claimed that manganese superoxide 
dismutase was not active in a similar system. The finding that manganese superoxide dismutase remains 

10 efficacious as an antiinflammatory drug even 24 hours after administration indicates that it may be used as 
a long-acting therapeutic agent. 

EXAMPLE 1 1 

15 

Biological Model of Recombinant Manganese Superoxide Dismutase and its Role as an AntHnflammatory 
Agent Pharmacokinetics of Intravenously Administered MnSOD 

Male rats (100-110 gram body weight, group size of 7 rats) were injected intravenously with human 
20 recombinant manganese superoxide dismutase prepared in saline solution (saline = 0.15 M NaCI). Dosage 
of manganese superoxide dismutase was according to rat body weight (b.w.) and in this study, 25 mg/kg 
b.w. was the dosage of choice. 

Intravenous (i.v.) administration was compared pharmacokinetically wfth intraperitoneal (up.) and sub- 
cutaneous (s.c.) administrations using the same dose (25 mg/kg b.w.) of recombinant manganese superox- 
25 ide dismutase in saline and the same number of rats per group (n 3 7). 

After administration of manganese superoxide dismutase in the above three groups, blood samples 
were drawn at 0.03, 0.5, 2, 4, 24, 30 and 48 hours post-injection and were analyzed both enzymatically and 
by RIA. The enzyme assay was exactly as described before in Example 10 (using method of Fridovich). 
The RIA was carried out using standard procedures with anti-manganese superoxide dismutase antibodies 
30 (prepared by us) and protein A (from Staphylococcus aureaus) . 

The results are depicted in Figure 10 and may be summarized as follows: 

(1) Intravenously administered (i.v., curve (1)) manganese superoxide dismutase has a very high 
initial serum level, as expected, of 430 ug/ml. This level drops sharply in the first two hours following 
injection (to 240 ug/ml). This sharp drop is due to the re-distribution (via uptake mechanisms) of 

35 manganese superoxide dismutase throughout the various tissues of the body. After the initial two hours, the 
rate of clearance of manganese superoxide dismutase has first-order kinetics and a half life, tl/2, of 6.2 
hours. 

(2) Intraperitoneal^ administed (i.p., curve (2)) manganese superoxide dismutase showed an initial 
(first 2 hours) sharp increase in serum manganese superoxide dismutase levels, consistent with rapid 

40 uptake via the peritoneal membranes, (from 0 ug/ml to 1 15 ug/ml). The subsequent increase in the next two 
hours is slow, reaching peak serum levels of 120 ug/ml after 4 hours. At this point serum manganese 
superoxide dismutase levels began to decline with a first-order clearance rate, and a 1 1/2 of 5.5 hours. 

(3) Subcutaneousry administered manganese superoxide dismutase shows a low rate of entry into the 
serum, reaching low levels of only 27 ug/ml after 4 hours. At this point serum manganese superoxide 

46 dismutase levels decline with a first-order clearance rate and 1 1/2 of 7.3 hours. 

It should also be noted, especially in the case of intravenously administered recombinant manganese 
superoxide dismutase, that significant serum levels are still present 48 hours after injection (10 ug/ml). 

Thus, we conclude that the most effective way of administering manganese superoxide dismutase is 
intravenously. This gives very high initial serum levels which remain as significantly high serum levels (160 
so ug/ml) in the first 4 hours after injection. This is much more effective than either intraperftoneally or 
subcutaneously-administered manganese superoxide dismutase using same dosages in injection. 

Finally, in all cases, the t 1/2 of serum manganese superoxide dismutase is markedly greater than that 
described for CuZn SOD (about 7-30 minutes), thus making manganese superoxide dismutase a 
potentially more effective therapeutic agent than CuZn SOD. 
55 Human manganese superoxide dismutase was reported to have a much longer half-life after intravenous 
administration to rats than the phylogenetically unrelated enzyme CuZn SOD (t1/2 =* 6.45 h vs. 6 min, 
respectively; Baret, Jadot and Michelson, Biochem. Pharmacol. 33: 2755 (1984).) It was further claimed that, 
unlike CuZn SOD, manganese superoxide dismutase is pharmacologically inactive when tested in inflamma- 
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tion models in vivo . As described above, we have cloned and expressed human manganese superoxide 
dismutase in B coH. The purified recombinant protein is different from the natural enzyme by the presence 
of an additional methionine at the amino terminus. However, it exhibits specific enzymatic activity 
indistinguishable from that of natural mitochrondrial manganese superoxide dismutase purified from human 
5 liver. 

Pharmacokinetic analysis of recombinant human manganese superoxide dismutase (r-hMnSOD) given 
intravenously to rats revealed a half-life of 6.2 h, which is consistent with the published value for the natural 
enzyme. The potential anti-inflammatory activity of r-hMnSOD was tested in the model of carrageenan- 
induced edema in the rat paw. Recombinant human CuZn SOD (r-hCuZnSOD) was used for comparison. 
io The two enzymes were administered according to two experimental regimens: (1) the enzymes were 
injected subcutaneously (50 mg/kg B.W.) either 2 h or 24 h before the carrageenan challenge; (2) the 
enzymes were injected intravenously at 8 or 20 mg/kg B.W. 10 min. prior to the carrageenan challenge. The 
results are illustrated in Table 5 below: 
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TABUS 5 



Route of TiM Before Dose 

injection Carrageenan (Mg/Ka B.W.) Inhibit ion of Paw Swelling 
25 r-bMnSOD r-hCuZnSQD 

Subcutaneous 2 h 50 50% 50% 

Subcutaneous 24 h 50 40% 0 

30 

Intravenous 10 min 8 50% 0 

Intravenous 10 min 20 80% 10% 

35 Collectively, the results demonstrate that r-hMnSOD is an effective ani-inflammatory agent Further- 
more, its extended half-life in the blood, relative to CuZn SOD, makes r-hMnSOD more suitable for 
treatment of chronic inflammatory diseases, such as arthritis, colitis and radiation damage. 



40 EXAMPLE 12 

Biological Model of Recombinant Manganese Superoxide Dismutase and its Role as an Anti-Inflammatory 
Agent Effect of Intra- Articular Administration of Manganese Superoxide Dismutase on Synovial Inflammation 
Induced by Bacterial Lipopolysaccharide Endotoxin (LPS) 

45 

As a modei for synovial inflammation and the ability of manganese superoxide dismutase to inhibit such 
inflammation, the knee-joint (synovial) inflammation model in rats was utilized. (More details used herein as 
reference, are described by Ginsburg et al., in "Bayer-Symposium VI: Experimental Models of Chronic 
Inflammatory Diseases" 256-299 (1977), Springer Verlag). 

50 In this model, inflammation is induced by intraarticular injection of bacterial lipopolysaccharide en- 
dotoxin (LPS) (0.1 mg/rat). The degree of inflammation is reflected by the swelling of the synovial tissue, 
and is measured as the increase in weight 8-16 hours postadministration. Figure 11 shows a comparison 
between human CuZn SOD and manganese superoxide dismutase administered together with the LPS. To 
test the anti-inflammatory effects of manganese superoxide dismutase and CuZn SOD in this model, it is 

55 best to coadminister the LPS toxin and the manganese superoxide dismutase or CuZn SOD. Dosages that 
were used are as follows: 0.6 mg/knee manganese superoxide dismutase and both 1 mg/knee and 5 
mg/knee for CuZn SOD. As shown, manganese superoxide dismutase was as effective as CuZn SOD in the 
inhibition of LPS-induced synovial inflammation. Both doses of CuZn SOD (1 mg/knee, 5 mg/knee) and the 
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amount of LPS-induced knee-jomt inflammation. In fact, the level "J™*™ ^ ^ (negative 

of SOD (CuZn SOD or MnSOD) and LPS - no ^^^^^sqd Sd CuZn SOD). The 
control). This therefore, clear* illustrates^ r'^^^dm^M^ analysis at 3 

inflammation-inhibition. 
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EXAMPLE 13 

Mode, of Record 
)S ^a^Mia^l^^ !B Ad pant-lnduced Arthrrbs 

The i^ono, joint inf^^^ 
mode, of choice for e^rimenta. ^^^^^^Zi (50 u. of Freunda' adjuvant 
in Newbould. Brit J. Pharmacol. 2J. V*®)™ 7 -) ,n J^°" V" ' ults in ^ init ial swelling of the 

w „n 10 mg/mi o, ^ JJE^ISSS a °y£T^^*~ 

paw. reaching a plateau after 3 days. is reQarded & the phase of immunologlcally- 

which persists for another 7-10 days .The ^P«*J l ^J^Sc drug. CuZn SOD and 
induced chronic arthritis. To exam.ne the ^^^J°°^^ wpnise ^ as mg per kg body 
manganese superoxide djsmutose ^^.^^Z!J^^^ enzymeswere given 
weight) to adjuvant-treated rats dunng days 14-21 ^f^.™^^ ^ ^ The resuHs 
either dairy (both 12.5 mg/kg and 25 mg/kg doses) or on atematng day* ^^^^ gjven 
shown in Figure 12 indicate that manganese '^X^e^S of effectively 

daily, while the CuZn SOD given on alternating days appeared to ^^ T ^ e ^ Q( ^ 
of treatment were determined by statistical analyse > usirxj *e ^J^JiSL. superoxide 
(described in Example 12). These results clearly demonstrate the efficacy or manganese ^ 
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dismutase as an anti-arthritic drug. 



EXAMPLE 14 
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Biotoglcal Model of Recombinant Manganese Superoxide pjsrr^ ^j^f Antiinflammatory 
gggjlllfimB^MBg on B.ec™yc'™duced Lung. Rbrogs 

Blecyan (BLM) is an ^neoplasic ^^^Tn J — 5 

lymphomas (more details, used herein as re,erenc ^ r V e ^ ,, ^ £ Neomycin is the induction of lung 

generation of oxygen radicals in the lung tesue. ^'J 0 '^™:™^ protec tion of the lung 

? 19 S3». - "Jfl^ * example. Keltey et 

T, trSTSSll -^^^iTmodl. 15 rat, (100-120 g b.w.) were treated with 15 mg <- 

saline only, while a third group (15 rats) was given b^myc n as^group ^and then tr y 
daily subcutaneous injections of manganese "T^. ^TaJ^8^»» «» daily treatment 
sen te the 3 week mortality data following bl ^«" ^ 40%; stalls Heal 

w ^ manganese su^— exdsed ^ ^ collagen 

significance of p>0.05 by Student t **»."» ,u "9 5 s d (usjng standard procedures according to 
content (expressed as hydroxy-proline content was ^"^J^ ^ (1976) JoynS on- 

Woessner in "The Methodo.ogy of Oomga |2g£ g^g."^ ^FIGURE 13 shows 

« I ij A*-* 007 anH Wnassner Arch. Biocnem oiopnys. »o. *wu-H*f viwi/. 
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protected the lungs against an increase in collagen (reflected by level of hydroxyproline). 

As seen in Figures 13 and 14, OH-proline levels in the r-human manganese superoxide dismutase 
treated group were elevated to only 25% of the BLM group, indicating that the enzyme effectively inhibited 
fibrosis. 

5 In two additional experiments, we compared the effects of frequency as well as different routes of 
administration using both r-human manganese superoxide dismutase and r-human CuZn SOD. In the first 
experiment the enzymes were given subcutaneously (50 mg/kg) either once every other day (Days 1 , 3. 5) 
or by a single injection on Day 1. As seen in Figure 15. r-human manganese superoxide dismutase was 
partially protective when given once (approx. 34% reduction of BLM result) but was more effective when 

w administered every other day or daily (Figures 14 and 15) for a week (nearly 75% reduction of BLM insult). 
Similarly, a single dose of r-human CuZn SOD showed no protection, but when given every other day was 
equally as protective as a single injection of r-human manganese superoxide dismutase. 

The same experiment was repeated using an intraperitoneal route of administration rather than 
subcutaneous. The results, depicted in Figure 16, again show that the preferred combination is r-human 

75 manganese superoxide dismutase given three times a week. 

Collectively, our results confirm the hypothesis that BLM in lung fibrosis is oxygen free radical 
mediated, and that such fibrosis could be inhibited by either r-human manganese superoxide dismutase or 
r-human CuZn SOD. The fact that r-hMnSOD was more effective than r-CuZnSOD in this process is most 
probably due to its longer half-life in circulation following intravenous injection (t 1/2 i.v. for r-hMnSOD and 

20 CuZn SOD is about 6 hours versus 6 minutes, respectively, in rats). Figure 10 represents the results of our 
pharmacokinetic study of r-human manganese superoxide dismutase in rats (25 mg/kg), using 3 routes of 
administration. 

The first-order kinetic decline from peak levels showed half-lives of 6.2, 5.5 and 7.3 hours for 
intravenous, intraperitoneal and subcutaneous route respectively. The much shorter half-life of r-human 
25 CuZn SOD (Figure 8) requires more frequent administration and possibly higher doses as compared to r- 
human manganese superoxide dismutase, in order to attain equivalent pharmacological levels and hence 
similar protective effects. Further experiments assessing dose-response are in progress. 

We conclude that the recombinant SOD enzymes, particularly r-human manganese superoxide dis- 
mutase, might be a useful adjunct to bleomycin (and possibly its derivatives, such as tallysomydn) therapy. 

30 

CONCLUSION 

It has been demonstrated herein that recombinant manganese superoxide dismutase is an effective 
35 anti-inflammatory agent. This was shown by its therapeutic effects in three biological models of inflamma- 
tion. In ail three models, the recombinant manganese superoxide dismutase had a highly significant effect in 
inhibiting inflammation and was at least as effective (in most cases more effective) than CuZn SOD which 
was used for comparative purposes. In addition, the fact that manganese superoxide dismutase remains in 
the serum for long periods, as shown by the pharmacokinetic studies, indicates that it may be used as a 
40 long-acting therapeutic agent. 
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TABLE 6 



10 



Effect of MnSOD on Bleoavcin- induced Death Afte r 3 Weekj 



75 

Treataant No. of Survivinc Rats 



20 



81eoaycin( # ) 6/15 <<KD%) 

BIeoaycin< # ) ♦ HnS00f # ) 13/13 (87X) 

(p<0.05; Student t-tast) 

Salina (0.15 * *aCl) only 15/15 (100X) 

* 1.5 Bf (1.5 units) Bleomycin wu given intra- tracheally 
par rat. 

30 

50 Bf/kf MnSOD was given daily per rat (by subcutaneous 
injection) for 7 days on the first *eek after bleomycin 
administration. 

as 

EXAMPLE 15 

Preparation of Human Manganese Superoxide Dismutase Analogs 

40 Human manganese superoxide dismutase was produced essentially as described in Example 7. The 
manganese superoxide dismutase has the following amino terminal sequence. 



Met-Lys-His-Ser-Leu-Pro — 



45 



As described below, the manganese superoxide dismutase (MnSOD) was treated with Aeromonas 
aminopeptidase. Aeromonas aminopeptidase was prepared from the extracellular filtrate of Aeromonas 
proteolytica obtained from the American Type Culture Collection (ATCC Accession No. 15338), essentially 
according to J.M. Prescott and S.H. Wilkes, Methods Enzymol. 46: 530-543 (1976). The purification 

50 procedure included the following steps: sedimentation and filtration of bacteria, ammonium sulfate precipita- 
tion of the filtrate (367 g per liter), acetone fractionation (43.7% to 70% acetone), heat treatment at 70 °C 
(for 8 hours) to destroy endopeptidase activity, gel filtration on Sephadex G-75* and ion-exchange 
chromatography on DEAE-Sephadex A-50*. In ail experiments 10 mM Tris-Hcl buffer, pH 8.0 replaced 10 
mM tricine buffer. pH 8.0 employed by Prescott and Wilkes. Pre-equillbratlon and elution from the 

55 Sephadex G-75® column were performed using a solution containing 5 micromolar (uM) ZnCI, rather than 
50 micromolar (uM) ZnCU employed in the original procedure (Prescott and Wilkes, supra) . Purification on 
the DEAE-Sephadex A-50Q column was performed by preequiiibration of the column with 0.1 M NaCI in 10 
mM Tris-Hcl. pH 8.0 containing 5 micromolar (uM) ZnCd, application of the sample and gradient elution 
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c - ,„ m ,M Q r mm ZnCU When the salt concentration had 
0.6 M NaCI In the same W> <c«*»« ^"^S: Mnft. same buffer. The major peak «h» 

prolonged storage. m ^ of pre column derivatization with FMOC (&• 

Amino acid analysis was performed us.ng the jnemoo ^ Bnaresoni ^ for examp|6i 

system, operated according to the manufacturer « «P~^° > ^ duration of the treatment. 

Depending on the pH of the solution ^J^*^ *JJ^ ^ was ^ from pH « - 
one or more amino acids were removed fr ™ *° " ^™ ^ 24 hours . The experiment below descnbes 
pH 10 and the duration of treatment was ^^^^m^ of MnSOD. 
*. currently preferred ^^^^^J^^^ 3. was dlalyzed overnight in 5 mM 
Met-MnSOD. 30 mg/ml. produced as described .n txamp 

potassium acetate (KOAc) pH 4.5. • concentration 6 mg/ml). 700 microliters of 5 rnM 

amoved tor t««minel "^^V. h lmuMJna Met-MnSOD k. «ie aMwce of emi«>t»pM»se 
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TABLE 7 



40 



45 



50 




50% 
25% 
12% 

Less than 10% 
Less than 10% 



Met-Lys-His-Ser-Leu-Pro 
Lys-His-Ser-Leu-Pro 
His-Ser-Leu-Pro 
Ser-Leu~Pro 
Leu-Pro 



The dtfferent an,ogs can be used * well-known 
If desired the different analogs can be punfied from one anotner g 

to those skilled in the art. 
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so Claims 

1. A method of treating a subject suffering from a disorder associated with the generation of oxygen 
free radicals in quantities sufficient to cause undesirable symptoms which comprises administering to the 
subject an amount of human manganese superoxide dismutase. a human manganese superoxide dismutase 

55 anaiog or a human manganese superoxide dismutase mutant effective to alleviate the undesirable symp- 
toms, 

2. A method of claim 1 , wherein the undesirable symptoms comprise inflammation. 

3. A method of claim 2, wherein the inflammation is synovial inflammation. 
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4. A method of claim 3. wherein the human manganese superoxide dismutase. human manganese 
superoxide dismutase analog, or human manganese superoxide dismutase mutant is administered intraar- 
ticular^. 

5. A method of claim 4, wherein the amount of human manganese superoxide dismutase. human 
5 manganese superoxide dismutase analog or human manganese superoxide dismutase mutant is between 

about 1 and about 200 mg/joint 

6. A method of claim 1, wherein the disorder is arthritis and the undesirable symptoms comprise 

inflammation. 

7. A method of claim 6. wherein the human manganese superoxide dismutase, human manganese 
jo superoxide dismutase analog or human manganese superoxide dismutase mutant is administered daily. 

8. A method of claim 7, wherein the amount of human manganese superoxide dismutase, human 
manganese superoxide dismutase analog or human manganese superoxide dismutase mutant is between 
about 1 and about 100 mg/kilogram body weight of the subject 

9. A method of claim 8, wherein the amount of human manganese superoxide dimustase, human 
75 manganese superoxide dimustase analog or human manganese superoxide dimustase mutant is between 

about 3 and about 50 mg/kilogram body weight of the subject 

10. A method of claim 6, wherein the human superoxide dismutase, human manganese superoxide 
dismutase analog or human manganese superoxide dismutase mutant is administered subcutaneously. 

11. A method of claim 6, wherein the human superoxide dismutase, human manganese superoxide 
20 dismutase analog or human manganese supeoxkJe dismutase mutant is administered intravenously. 

12. A method of claim 1, wherein the undesirable symptoms comprise lung fibrosis. 

13. A method of claim 12. wherein the human manganese superoxide dismutase, human manganese 
superoxide dismutase analog or human manganese superoxide dismutase mutant is administered daily. 

14. A method according to claim 13, wherein the amount of human manganese superoxide dismutase. 
25 human manganese superoxide dismutase analog or human manga nese superoxide dismutase mutant is 

between about 1 and about 100 mg/kilogram body weight of the subject 

15. A method of claim 14, wherein the amount of human manganese superoxide dismutase, human 
manganese superoxide dismutase analog or human manganese superoxide dismutase mutant is between 
about 3 and about 50 mg/kilogram body weight of the subject 

30 16. A method of daim 12, wherein the fibrosis is induced by an anti-neoplastic agent 

17. A method of claim 12, wherein the fibrosis is induced by radiation. 

18. A method of claim 16. wherein the anti-neoplastic agent is bleomycin. 

19. A method of claim i2, wherein the human manganese suboxide dismutase, human manganese 
superoxide dismutase analog or human manganese superoxide dismutase mutant is administered sub- 

35 cutaneousiy. 

20. A method of claim 12, wherein the human manganese superoxide dismutase, human manganese 
superoxide dismutase analog or human manganese superoxide dismutase mutant is administered intra- 
venously. 

21. A method of claim 12, wherein the human manganese superoxide dismutase, human manganese 
40 superoxide dismutase analog or human manganese superoxide dismutase mutant is administered in- 

tratracheally. 

22. A double-stranded DNA molecule which encodes human manganese superoxide dismutase or a 
human manga nese superoxide dismutase analog and the coding strand of which has the nucleotide 
sequence shown in Figure 6. 

45 23. A double-stranded DNA molecule which encodes a human manganese superoxide dismutase 
mutant and the coding strand of which has a nucleotide sequence which varies from the nucleotide 
sequence shown in Figure 6 by one or more nucleotides. 

24. A cloning vehicte which comprises the DNA molecule of claim 22 or 23. 

25. A cloning vehicle containing a fragment of the DNA molecule of claim 22 or 23. 

so 26. A piasmid of claim 25. designated pMSG11-1 and deposited in Escherichia coli strain MC1061 
under ATCC Accession No. 67363. 

27. A piasmid of claim 25. designated pMSG4 and deposited in strain MC1061 under ATCC Accession 

No. 67364. 

28. A piasmid of claim 25. designated pMSG-1b and deposited in Escherichia coli strain MC1061 under 
55 ATCC Accession No. 67365. 

29. A eucaryotic cell in culture in which the DNA sequence of claim 22 or 23 is expressed. 

30. A eucaryotic cell transformed with the cloning vehicle of claim 22 or 23. 

31. A eucaryotic cell of claim 29 wherein the DNA is present in multiple copies. 
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32. A eucaryotic cell of claim 29, wherein the expression of the DNA is regulated by the regulatory 
elements associated with the noncoding DNA region of human manganese superoxide dismutase shown in 
Figure 6. 

33. A mammalian cell of claim 29. 
5 34. A human He La cell of claim 33. 

35. A mouse L cell of claim 29. 

36. A method for producing human manganese superoxide dismutase, human manganese superoxide 
dismutase analog, or human manganese superoxide dismutase mutant which comprises growing the 
eucaryotic cell of claim 29 under suitable conditions permitting production of the human manganese 

w superoxide dismutase, human manganese superoxide dismutase analog or human manganese superoxide 
dismutase mutant and recovering the resulting human manganese superoxide dismutase. human man- 
ganese superoxide dismutase analog or human manganese superoxide dismutase mutant. 

37. Human manganese superoxide dismutase, human manganese superoxide dismutase analog, or 
human manganese superoxide dismutase mutant produced by the method of claim 36. 

is 38. A pharmaceutical composition comprising an amount of human manganese superoxide dismutase, 
human manganese superoxide dismutase analog or human manganese superoxide dismutase mutant 
effective to alleviate the undesirable symptoms associated with the generation of oxygen free radicals and a 
pharmaceutically acceptable carrier. 

39. A human manganese superoxide dismutase analog in which at least one of the human manganese 
20 superoxide dismutase polypeptides differs from naturally-occurring human manganese superoxide dis- 
mutase polypeptide by the absence of lysine at the N-terminus. 

40. A human manganese superoxide dismutase analog in which at least one of the human manganese 
superoxide dismutase polypeptides differs from naturally-occurring human manganese superoxide dis- 
mutase polypeptide by the absence of both lysine and histidine at the N-terminus. 

25 41. A pharmaceutical composition comprising an amount of the analog of claim 39 effective to alleviate 
the undesirable symptoms associated with the generation of oxygen free radicals and a pharmaceutically 
acceptable carrier. 

42. A pharmaceutical composition comprising an amount of the analog of claim 40 effective to alleviate 
the undesirable symptoms associated with the generation of oxygen free radicals and a pharmaceutlcaJly 

' 30 acceptable carrier. 

43. A method of treating a subject suffering from a disorder associated with the generation of oxygen 
free radicals in quantities sufficient to cause undesirable symptoms which comprises administering to the 
subittot an amount of the analog of claim 39 effective to alleviate u;e undesirable svrr.^ms.. 

44. A method of treating a subject suffering from a disord— associated *Hlh the generation of oxygen 
35 free radicals in quantities sufficient to cause undesirable symptoms which comprises administering to the 

subject an effective amount of the analog of claim 40 effective to alleviate the undesirable symptoms. 
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Figure 9 
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Figure 13 
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Figur* 14 
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